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ABSTRACT To maintain genome stability, cells with
damaged DNA must arrest to allow repair of mutations before
replication. Although several key components required to
elicit this arrest have been discovered, much of the pathway
remains elusive. Here we report that pRB acts as a central
mediator of the proliferative block induced by a diverse range
of DNA damaging stimuli. Rb2y2 mouse embryo fibroblasts
are defective in arrest after g-irradiation, UV irradiation, and
treatment with a variety of chemotherapeutic drugs. In con-
trast, the pRB related proteins p107 and p130 do not play an
essential part in the DNA damage response. pRB is required
specifically for the G1yS phase checkpoint induced by g-irra-
diation. Despite a defect in G1yS phase arrest, levels of p53 and
p21 are increased normally in Rb2y2 cells in response to
g-irradiation. These results lead us to propose a model in
which pRB acts as an essential downstream target of the DNA
damage-induced arrest pathway. The ability of pRB to prevent
replication of damaged DNA is likely to inhibit the propaga-
tion of carcinogenic mutations and may therefore contribute
to its role as a tumor suppressor. Furthermore, because many
cancer therapies act by damaging DNA, these findings also
have implications for the treatment of tumors in which pRB
is inactivated.

Integrity of the mammalian genome relies upon the repair of
damaged DNA before its replication. Cell cycle arrest is
essential to allow time to repair such damage before the start
of DNA synthesis and thus prevent propagation of potentially
deleterious mutations. Several central components of the
DNA damage response have been elucidated, but many steps
in the pathway await discovery.

One essential mediator in the DNA damage pathway is the
tumor suppressor, p53. Cells lacking p53 fail to arrest in
response to a wide variety of DNA-damaging agents (reviewed
in refs. 1–3). Following such damage, the p53 protein is
stabilized and its transcriptional activity is subsequently en-
hanced (4–7). This is thought to elicit cell cycle arrest at both
the G1yS and G2yM phases of the cell cycle via transcriptional
regulation of a subset of specific target genes. p53-dependent
transactivation of 14-3-3 s is proposed to play a role in
inhibition of G2yM phase progression (8), whereas G1yS phase
arrest after DNA damage is controlled, at least in part, by
up-regulation of p21 (9–11).

Cell cycle progression is thought to be primarily controlled
by the sequential activation of a series of cyclin-dependent
protein kinases (CDKs) (reviewed in refs. 12 and 13). Al-
though the actions of the CDKs are not fully understood, they
are presumed to act by phosphorylating a variety of key cell
cycle regulatory proteins (reviewed in refs. 14 and 15). It is
likely that p21 controls DNA damage-induced arrest by inhib-
iting the phosphorylation of one or more critical CDK targets

(16, 17). The identity of CDK substrates required for arrest
after irradiation remains unclear. Knowledge of such targets is
of central importance in understanding the DNA damage
response.

Studies of the human papilloma virus-16 protein E7 have
provided insight into the role of certain cellular proteins in the
DNA damage pathway. E7 abrogates cell cycle arrest after
DNA damage by g-irradiation or actinomycin D treatment
(18–20). A variety of cellular targets for the E7 protein have
been documented (21). Foremost among these are pRB, p107,
and p130—a family of structurally and functionally conserved
cellular proteins that play a key role in negative regulation of
cell cycle progression. Members of this family are among the
most well characterized CDK substrates. During G1, phos-
phorylation by specific cyclin-CDK complexes inhibits the
growth suppressive function of pRB family members (22).
After DNA damage, it is likely that up-regulation of p21
prevents this inhibitory phosphorylation by the CDKs (16, 17)
and hence maintains the active growth inhibitory state of the
pRB family. Data from E7 experiments imply a central role for
the pRB family in the DNA damage response because E7
mutants that are unable to bind this family can no longer
abrogate arrest in response to DNA damage (20, 23). However,
another class of E7 mutants that can bind to pRB also fail to
overcome DNA damage-induced arrest (23). This result sug-
gests that the ability of E7 to inactivate pRB family members
may be necessary but not sufficient for abrogation of the
proliferative block. The role of pRB family members in the
DNA damage response has not been demonstrated directly.
Moreover, studies of E7 are unable to dissect the contributions
of individual members of this group. The question of which
proteins within the pRB family play a role in arrest after DNA
damage therefore remains unanswered.

In this study, we ask whether one or more members of the
pRB family play an essential role in cell cycle arrest induced by
DNA damage. Mouse embryo fibroblasts (MEFs) from
pRb2y2, p1072y2, and p1302y2 animals are ideal reagents with
which to address this question. Here we show that pRB plays
an essential role in DNA damage-induced arrest at the G1yS
phase checkpoint but that p107 and p130 are not required for
this cell cycle block. While arrest at G1yS phase is clearly
defective in Rb2y2 cells, levels of p53 and p21 are increased
normally after g-irradiation. These results lead us to propose
a model in which pRB acts as an essential downstream target
of the DNA damage-induced arrest pathway.

MATERIALS AND METHODS

Cell Culture and Retroviral Infections. MEF cultures were
prepared from 13.5-day embryos by using standard techniques
as described (24). For all experiments, wild-type littermate
control MEFs were isolated in parallel. The cells were main-
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tained in DMEM containing 10% fetal bovine serum, 50
unitsyml of penicillin, 50 mgyml of streptomycin, and 2 mM
L-glutamine. MEFs between passages 4 and 6 were used for
these experiments.

The retroviral vectors pBabe and pBabe pRB (containing
full length mouse pRB with an N-terminal hemagglutinin tag)
were kindly provided by Bruno Amati, Swiss Institute for
Experimental Cancer Research, Switzerland. These vectors
were used to generate high titre retroviral supernatants as
described (25). Infected, early passage MEFs were selected
with 2 mgyml puromycin (Sigma) 3 days before use.

BrdUrd Labeling, Immunofluorescence Staining, and Flow
Cytometric Analysis. MEFs at passage 4–6 were seeded onto
glass coverslips in 24-well plates at a density of 1.5 3 104 cells
per well. Following treatment, cells were incubated with
BrdUrd cell proliferation-labeling reagent for 8 hr (Amer-
sham). Indirect immunofluorescence was performed on para-
formaldehyde-fixed cells by using an anti-bromodeoxyuridine
monoclonal antibody (Amersham). For each experiment, the
percentage of BrdUrd positive cells in a field of at least 500
cells was calculated.

Flow cytometric analysis was carried out as described (26),
and cell cycle analysis was performed on a Becton Dickinson
FACScan.

DNA-Damaging Agents and Chemotherapeutic Drugs.
Early passage MEFs were irradiated with g rays from a
137cesium source at a dose rate of 5.66 Gyymin. Cells were UV
irradiated with indicated doses of UV (UV-C) in a Stratalinker
1800 apparatus (Stratagene). Etoposide, cis-platinum (II) di-
ammine dichloride, carboplatin, bleomycin sulfate, vincristine,
and vinblastine were all purchased from Sigma and added to
MEFs at the indicated doses for a 24-hr period.

Western Blot Analysis. Western blots were performed on
equal amounts of extracted proteins as described (27) by using
the following reagents; pAb 421, a mouse mAb, which recog-
nizes mouse p53 protein, 14001A (PharMingen), an anti-
human pRB monoclonal antibody, which also recognizes the
mouse protein, and a rabbit polyclonal antibody raised against
amino acids 117–137 of the mouse p21 protein (28) (kindly
provided by Claudio Schneider, Laboratorio Nazionale Con-
sorzio Interuniversitario per le Biotecnologie, Trieste).

RESULTS

Rb2y2 MEFs Are Defective in Cell Cycle Arrest After
g-Irradiation. To address whether any of the pRB family
members play a role in the DNA damage response, we
generated MEFs from pRb2y2, p1072y2, and p1302y2 embryos
at 13.5 days of gestation. In the first series of experiments, we
asked whether early passage, asynchronously growing Rb2y2

MEFs arrest in response to g-irradiation doses that do not
induce appreciable cell death in MEFs (0–20 Gy). Twenty four
hours after treatment, S phase entry was assessed by calculat-
ing the percentage of cells that incorporated BrdUrd over an
8-hr period. We found that Rb2y2 cells were impaired severely
in DNA damage-induced arrest compared with genetically
matched wild-type embryos from the same litter (Fig. 1A).
These results are highly reproducible in embryos from at least
three independent litters (Fig. 1 A and data not shown) and
demonstrate an essential role for pRB in the DNA damage
response pathway.

Exogenous Expression of pRB Restores DNA Damage-
Induced Arrest in Rb2y2 MEFs. To confirm that the arrest
defect in Rb2y2 cells is specifically due to loss of pRB, we
asked whether DNA damage-induced arrest could be restored
in Rb2y2 cells by exogenously expressed pRB. Early passage
Rb2y2 and matched wild-type MEFs were infected with either
a retrovirus directing low-level expression of full length pRB
protein (pBabe pRB) or a control retrovirus (pBabe). Infected
cells were selected for 3 days with puromycin before use.

Western blot analysis confirmed moderate over-expression of
pRB in those cells infected with the pBabe pRB retrovirus
(Fig. 1C). The infected cells were subjected to g-irradiation (0
or 15 Gy), and monitored for S phase progression 24 hr later
with an 8-hr BrdUrd pulse. Moderate over-expression of pRB
does not alter the cell cycle profile of unirradiated cells (data
not shown) but clearly restores the DNA damage-induced
arrest in Rb2y2 cells (Fig. 1B).

p107 and p130 Do Not Play an Essential Role in Irradiation-
Induced Arrest. pRB is one member of a family of structurally
and functionally conserved proteins that includes p107 and
p130. To test the role of other family members in the DNA
damage response, we asked whether p1072y2 and p130 2y2

MEFs arrest in response to g-irradiation. Twenty four hours
after irradiation (0–15 Gy), entry into S phase was assessed by
monitoring BrdUrd incorporation over the next 8 hr. While
Rb2y2 cells show a defect in arrest in response to DNA
damage, the p1072y2 and p130 2y2 MEFs showed an identical
arrest profile to cells from wild-type embryos (Fig. 2A).

To address whether p107 and p130 play redundant roles in
the irradiation response, we generated MEFs from embryos
possessing homozygous deletions in both genes. Cell cycle

FIG. 1. Rb2y2 MEFs are defective in cell cycle arrest after
g-irradiation. (A) Asynchronous cultures of Rb2y2 and wild-type
littermate control MEFs were g-irradiated at the indicated doses.
Twenty-four hours after treatment, cells were labeled with BrdUrd for
8 hr. BrdUrd incorporation was then assessed by immunocytochem-
istry. Data from three independent samples are presented as the
percentage of cells that incorporated BrdUrd in irradiated vs. unir-
radiated cultures. (B) Rb2y2 and wild-type MEFs infected with pBabe
or pBabe pRB retroviruses were treated as in A. (C) Expression of
pRB in infected cells from B was confirmed by Western blotting.
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arrest of these p1072y2;p1302y2 cells after g-irradiation was
assessed as in the previous experiment. From Fig. 2B, it can be
seen that p1072y2;p1302y2 cells arrest in an identical fashion
to wild-type cells. These results demonstrate that pRB plays a
specific and unique role in mediating arrest after DNA dam-
age, which is not shared by other highly homologous proteins
within the same family.

Rb2y2 Cells Show a Specific Defect at the G1yS Phase
Checkpoint. DNA damage is known to activate checkpoint
responses that cause arrest at both the G1yS and G2yM phases
of the cell cycle. To examine the role of pRB at these individual
checkpoints, we used fluorescence-activated cell sorter anal-
ysis to monitor the cell cycle profiles of Rb2y2 and wild-type
MEFs after g-irradiation. This investigation revealed a specific
role for pRB at the G1yS phase checkpoint. Thirty-six hours
after irradiation, the majority of Rb2y2 cells accumulated at
the G2yM phase of the cell cycle—demonstrating a failure to
arrest at G1yS after DNA damage (Fig. 3). Although this
experiment does not directly address whether Rb2y2 cells are
arrested, such a dramatic accumulation of cells in the G2yM
phase of the cell cycle suggests that the G2yM phase check-
point remains intact in Rb2y2 cells. In striking contrast,
wild-type cells contain populations at both the G1yS and G2yM
phases of the cell cycle after irradiation—as would be expected
for cells that could respond to both checkpoints. From these
results, we conclude that pRB plays a unique role in G1yS
phase arrest after DNA damage.

Rb2y2 MEFs Show Defective Responses to a Diverse Range
of DNA-Damaging Stimuli. Different DNA-damaging stimuli
are known to activate distinct signaling pathways. For example,
g-irradiation activates c-Abl and the tumor suppressor ATM,
whereas the JNK pathway is specifically activated by UV
treatment (29). We therefore sought to address whether the

defect in Rb2y2 cells is specific to g-irradiation or is observed
also in response to other DNA-damaging agents. To test this,
asynchronously growing Rb2y2 and wild-type MEFs were UV
irradiated or treated with the chemotherapeutic drugs carbo-
platin, cisplatin, etoposide, and bleomycin. These drugs induce
distinct types of DNA damage—cisplatin and carboplatin are
alkylating agents, etoposide acts by inhibiting topoisomerase
II, and bleomycin directly induces double strand breaks. In all
cases these DNA-damaging agents induced very little cell
death in MEFs of either genotype (data not shown). Twenty-
four hours after treatment, cells were given an 8-hr BrdUrd
pulse to monitor S phase entry. Rb2y2 cells are defective in
arrest after treatment with all of these distinct DNA-damaging
agents (Fig. 4). pRB therefore plays a role in mediating cell
cycle arrest after treatment with a diverse range of DNA-
damaging agents that activate differential sets of damage
responsive genes.

Response to Chemotherapeutic Drugs that Block Mitosis.
We next wished to address whether pRB plays a specific role
in response to DNA-damaging agents or whether it also
mediates arrest in response to drugs that block at other phases
of the cell cycle. To examine this, we treated Rb2y2 MEFs and
wild-type controls with vinblastine or vincristine, chemother-
apeutic drugs that interfere with microtubule function at
mitosis. Twenty-four hours after treatment, Rb2y2 cells ar-
rested in an identical fashion to wild-type cells (Fig. 5A). At
later time points after drug treatment, we saw an increased
proportion of cells with .4N DNA content in the Rb2y2

cultures (Fig. 5B). These results are consistent with earlier
studies that demonstrate DNA re-replication in Rb2y2 MEFs
and cells expressing human papilloma virus-16 protein E7 after
treatment with microtubule inhibitors (30–32). However, it
should be noted that although there is a dramatic difference in
the overall percentage of cells with .4N DNA content be-
tween the two genotypes after drug treatment, the fold in-
crease in this value between untreated and treated cells is
similar for Rb2y2 and wild-type cells.

Levels of p53 and p21 Proteins Are Increased Normally in
Rb2y2 cells After Irradiation. Rb2y2 cells may be defective in
irradiation-induced arrest because they fail to activate critical
DNA damage signaling pathways or because they are unable
to respond to such signals. p53 is a critical component of the
arrest pathway activated by a multitude of distinct DNA-
damaging agents. After treatment with these agents, p53
protein is stabilized and its transcriptional activity is enhanced.

FIG. 2. p107 and p130 do not play an essential role in g-irradiation
induced arrest. Asynchronous cultures of wild type, Rb2y2, p1072y2

and p1302y2 (A) or p1072y2; p1302y2 (B) and littermate control
MEFs were g-irradiated at the indicated doses. Twenty-four hours
after irradiation, cells were given an 8-hr BrdUrd pulse, and BrdUrd
incorporation was assessed by immunocytochemistry. Data from three
independent samples are presented as the percentage of cells that
incorporated BrdUrd in irradiated vs. unirradiated cultures.

FIG. 3. pRB is required for G1yS phase arrest after g-irradiation.
Zero or 36 hr after g-irradiation the cell cycles profile of Rb2y2 and
wild-type MEFs were examined by FACs analysis.
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The ability of p53 to elicit G1yS phase arrest after DNA
damage is, at least in part, attributed to its ability to up-
regulate p21 expression. It is conceivable that Rb2y2 cells are
defective in arrest after DNA damage because they fail to
activate these essential signaling events. To test whether p53
and p21 levels increase after DNA damage, Rb2y2 and wild-
type control MEFs were g-irradiated with 15 Gy and lysates
were made at specific time points after treatment. Western blot
analysis revealed that p53 and p21 protein levels increase
normally in Rb2y2 cells after DNA damage (Fig. 6). Because
Rb2y2 cells show a defect in G1yS phase arrest despite normal
activation of p53, we propose that pRB acts either down stream
of p53 or in a parallel, p53-independent checkpoint pathway.

DISCUSSION

In this study, we describe a previously unknown role for pRB
in eliciting cell cycle arrest in response to DNA damage. We
show that pRB acts as an essential component of the arrest
pathway induced by a diverse range of DNA-damaging stimuli.
Rb2y2 cells are defective in arrest after g-irradiation, UV
irradiation, and treatment with chemotherapeutic drugs. We
consider it highly unlikely that this defect is caused by addi-
tional mutations in these early passage primary cells because
an identical phenotype is observed in cells derived from
multiple embryos from independent litters, and exogenous

FIG. 5. Response of Rb2y2 cells to treatment with vincristine or vinblastine. (A) Asynchronous cultures of wild-type and Rb2y2 MEFs were
treated for 24 hr with the indicated doses of vincristine or vinblastine. BrdUrd incorporation over the next 8 hr was then assessed by
immunocytochemistry. The percentage of BrdUrd positive cells in treated vs. untreated cultures from three independent samples is shown. (B)
Asynchronous cultures of wild-type and Rb2y2 MEFs at passage 4 were treated with 1 mM of vincristine or vinblastine. The percentage of cells
with .4N DNA content was assessed by FACs analysis.

FIG. 4. Rb2y2 cells are impaired in cell cycle arrest after treatment with a diverse range of DNA-damaging agents. Twenty-four hours after
treatment with the indicated DNA-damaging agents, BrdUrd incorporation in wild-type and Rb2y2 MEFs was assessed by immunocytochemistry.
The mean percentage of BrdUrd positive cells in treated vs. untreated cultures from three independent samples is presented.

11948 Medical Sciences: Harrington et al. Proc. Natl. Acad. Sci. USA 95 (1998)



expression of pRB restores DNA damage-induced arrest in
Rb2y2 MEFs.

One previous study attempted to examine the role of pRB
in cell cycle arrest after g-irradiation. The results from this
investigation were ambiguous and led the authors to suggest
that the ability of E7 to abrogate irradiation-induced arrest
may be due to inactivation of p107 andyor p130 in addition to
pRB (19). Subsequent reviews hold contradictory theories
about whether pRB plays a role in the DNA damage response
(2, 33). We can now resolve this controversy at least in MEFs.
Our data show that pRB plays a central role in cell cycle arrest
after DNA damage, whereas p107 and p130 are dispensable for
this process.

DNA damage elicits arrest at both the G1yS and G2yM
phases of the cycle. Here we show that pRB is required for the
G1yS checkpoint. pRB is not universally required for arrest in
G1. It is essential to elicit G1 phase arrest in response to certain
specific signals, such as over-expression of p16 (34–37), inac-
tivation of ras (38), or repression of thymidylate synthesis by
methotrexate (39), but many other stimuli arrest cells in an
pRB-independent manner. The fact that Rb2y2 embryos ap-
pear essentially normal at day 13 of gestation indicates that
many cell types respond to physiological growth arrest signals
in the absence of pRB (40–42). Indeed, in chimeric mice,
Rb2y2 cells can arrest to form normal components of the
majority of adult tissues (43). Moreover, Rb2y2 MEFs arrest
in G1 in response to serum deprivation (44) and over-
expression of p27 or dominant negative CDK3 (38). The DNA
damage response therefore falls into a subset of signaling
events that require pRB to elicit G1 phase arrest.

To play a part in irradiation-induced arrest, pRB must
respond to upstream signals in the DNA damage pathway. p53
is a required component of this signaling pathway. Its ability to
elicit G1yS phase arrest after irradiation is thought to be due,
at least in part, to transcriptional activation of p21 (9–11).
DNA damage-induced arrest is presumed to be enforced by the
ability of p21 to inhibit phosphorylation of one or more critical
CDK substrates, but the identity of targets involved in the
irradiation response has so far remained elusive. Here we show
that in Rb2y2 cells, p53 and p21 levels are increased normally
in response to g-irradiation, yet the G1yS phase arrest is
defective. We therefore suggest that pRB acts as a central
downstream target of the p53-mediated arrest pathway. It is
most likely that up-regulation of p21 acts to prevent CDK
phosphorylation of pRB and therefore maintains pRB in the

growth suppressive state. The theory that pRB acts down-
stream of p21 in the irradiation response is supported by the
observation that the ability of p21 to elicit G1yS phase arrest
correlates with the presence of functional pRB in a panel of
cell lines (45). This study proposed that p21 also plays a role
in G2yM phase arrest. It is also possible that pRB functions in
an independent checkpoint pathway that acts in parallel to the
p53-activated signaling cascade. UV irradiation engages a
checkpoint pathway that inactivates CDK4 via tyrosine phos-
phorylation (46). It is likely that this serves to inhibit CDK4-
mediated phosphorylation of pRB and therefore maintains
pRB in an active, growth inhibitory state.

How does modulation of pRB activity by DNA damage
signaling pathways lead to G1yS phase arrest? While pRB has
been reported to bind to a multitude of cellular proteins, its
actions in cell cycle progression are primarily attributed to
binding of the E2F family of transcription factors. Binding of
pRB to the E2Fs is thought to repress the transactivation of a
set of genes required for cell cycle progression (47). Thus,
although it is conceivable that pRB mediates DNA damage-
induced arrest via modulation of other associated proteins, it
seems most likely that its actions are primarily due to altered
regulation of E2F target genes. With a few notable exceptions
(44, 24), it is not yet possible to determine which E2F target
genes are regulated by pRB in vivo. Knowledge of the set of
regulated genes that contribute to arrest after DNA damage
therefore remains elusive.

Although we consider it most likely that pRB acts as a
central component of the DNA damage response pathway, it
is also possible that the defect in Rb2y2 cells reflects an
indirect role for pRB. For example, lack of pRB may lead to
deregulation of genes that influence the DNA damage re-
sponse. Rb2y2 MEFs express higher levels of cyclin E during
G0-G1 than their wild-type counterparts (44, 24). It is possible
that Rb2y2 cells are impaired in arrest after DNA damage
because the levels of p21 induced by irradiation are not
sufficient to inhibit the S phase-promoting activity of the
higher levels of cyclin E-associated kinase activity in these
cells.

pRB is one member of a family of structurally and func-
tionally conserved proteins that play a key role in negative
regulation of the cell cycle via binding to E2F transcription
factors. Despite such similarity, pRB is the only member
required for DNA damage-induced arrest. These results reveal
a previously unknown biological difference between pRB
family members that provides one possible explanation for the
paradox of why Rb is the only tumor suppressor in this family
of highly related genes. Mutation of Rb is a common event in
the genesis of a wide variety of human tumors (48, 49).
Moreover, it is estimated that deregulation or mutation of
regulatory genes such as p16 results in the functional inacti-
vation of pRB in the majority of neoplasias. In striking
contrast, mutations of p107 and p130 have never been asso-
ciated with human tumors. Here we show that following
irradiation, p1072y2, p1302y2, and p1072y2;p1302y2 cells
arrest, whereas cells deficient in pRB continue to replicate the
genome despite the presence of damaged DNA. Such a defect
is likely to encourage the propagation of carcinogenic muta-
tions in Rb2y2 cells. We therefore believe that the ability of
pRB to prevent replication of damaged DNA is likely to
contribute to its role as a tumor suppressor.

The majority of therapies for human neoplasia act by
damaging DNA. From these studies we suggest that after
treatment, Rb-negative cells might show an increased propen-
sity to replicate damaged DNA and hence accumulate further
mutations. It will be important to test the prediction that pRB
plays a significant role in DNA damage-induced arrest in
human cells. An ideal resource for such studies is the National
Cancer Institute’s collection of cell lines derived from human
cancers of many tissue types. One powerful study by O’Connor

FIG. 6. p53 and p21 levels are increased normally in Rb2y2 cells
after g-irradiation. Lysates from Rb2y2 and wild-type MEFs were
made at the indicated time points after g-irradiation (15 Gy). Levels
of p53 (A) and p21 (B) were assessed by Western blotting.
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et al. (50) examined the p53 status of these 60 cell lines and
found a strong correlation between the presence of functional
p53 and the ability to arrest in response to irradiation or drug
treatment. Of the cell lines that contained wild-type p53, 19%
showed minimal or no G1 arrest after low doses of g-irradia-
tion, 25% displayed an intermediate G1 arrest capacity,
whereas 56% arrested strongly in G1. It would be of great
interest to determine whether the ability of these cell lines to
arrest in response to g-irradiation correlates with Rb status. It
will also be important to address whether the failure of Rb2y2

cells to arrest appropriately in response to DNA damage
results in altered sensitivity to the induction of apoptosis.
Because a wide variety of tumors lack functional pRB, further
studies into the role of pRB in the DNA damage response may
increase the understanding of the genesis and treatment of
many human neoplasias.
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